Abstract. Global quasi-biennial variation in the lower stratosphere and tropopause region is studied using 41 years 
fall in various regions [Gray, 1984; Kane, 1995 [Gray et al., 1992b; Knaff, 1992; Angell, 1992] . Some of these are faint at best and are not generally accepted [Kane, 1992; Xu, 1992] . The present study was initiated to explore the possibility that the QBO affects tropical convection by modulating the cloud top environment [Collimore et al., 1998 ]. Thus the focus of this paper is on the tropical tropopause region and lower stratosphere. The tropical tropopause is also important because it is one of the major ways for tropospheric air to enter the stratosphere [Newell and Gould-Stewart, 1981; Doherty et al., 1984] .
In the following section the data set and methods of analysis used in this study are described. Section 3 examines some characteristics of the annual cycle and QBO in zonal wind. The QBO index used in this study is different from those commonly used and is discussed in Section 4. Section 5 contains a description of the meridional structure of the stratospheric QBO in N CEP reanalysis zonal wind, temperature, geopotential height, meridional wind, and tropopause temperature. The time progression of the zonal average QBO in the vertical (on the equator) and on a single constant pressure surface is examined in Section 6. Conclusions, possible implications, and directions for future study are discussed in the final section. 
Data and Methodology
2
Indices and Compositing Methods
Since it takes one phase of the QBO many months to descend and the QBO variation is superimposed on the annual cycle, characterization of a given month as W phase or E phase depends strongly on one's research goals and perspective. Here we use NCEP reanalysis zonal mean equatorial zonal wind (•eq) shear anomaly time series as QBO indices. The primary index is the wind shear in the lowest stratospheric layer (50-70 hPa) and is useful for studying near-tropopause variations. To investigate the possibility of a "phase lock" with the annual cycle, a compositing method similar to that of Yasunari [1989] was followed in Figure 5 . This is the only analysis herein that does not employ a shear anomaly index. The 50 hPa •eq anomaly is used for comparison to Dunkerton and Delisi [1985] . Specifically, for each full QBO cycle in the NCEP data set (16 total), the month when the 50 hPa •eq anomaly expe- 70 hPa and increasingly E above •50 hPa. In contrast, the shear at Singapore is E in the upper troposphere, strongly W across the tropopause, E in the stratosphere, and W again above 20 hPa during northern spring and summer. Singapore also exhibits a thin time mean W wind layer just above the tropopause, which is not observed elsewhere [Yao, 1994] . Since each station's annual cycle is quite different but the interannual anomalies are similar, a time series for one particular station will certainly not reflect the character of the QBO at all longitudes, a single station anomaly series will be appreciably better, and a zonal average anomaly will be the most universally applicable. In fact, NCEP has stopped offering the Singapore 30 and 50 hPa zonal wind series as QBO indices in favor of the respective equatorial zonal averages (www. cp c. ncep.noaa. gov / data / indices). The zonally averaged geopotential height anomaly is shown in Figure 13 . Again, the meridional node is distinct. The strength of the off-equator oscillation is
•01/4-1/3 that on the equator. Because of a generally deeper temperature perturbation at high latitudes, the height perturbation can be larger at the pole than it is at the equator. There is also an apparent tendency (Figures 13a, 13c, and 13d) annual cycle in •eq, where both wind and wind shear are increasingly E with altitude above about 50 hPa, one would expect the E regimes to last increasingly longer with altitude or, equivalently, to descend slower than the W regimes. This is observed in the NCEP reanalyses. At the upper levels, the E maxima are shallower (weaker and less abrupt) than the W, so they last longer. However, since the W regimes descend faster than the E, by the lower stratosphere the W regimes last longer. Because of this and other asymmetries, the QBO is best described by a peak-to-peak (rather than an absolute) amplitude. The tropospheric structure of height anomalies in Figure 16d is similar to that seen in the temperature anomalies. There is good agreement with Figure 16c : where the temperature anomaly is positive, the height anomaly increases with height; and where the temperature anomaly is negative, the height anomaly decreases with height. Equivalently, it can be seen that where the temperature anomaly is zero, the height anomaly contours are vertical. The apparent tropopause "node" in show snapshots of this feature at 30 hPa in plan view, highlighting the zonal asymmetry in the ECMWF operational analysis data. Thus the QBO phases cannot be thought of as equal but opposite; they are asymmetric in overall duration, downward and meridional propagation, acceleration (the E regime is double-peaked), and amplitude.
That this descent rate asymmetry is still present in
In both the temperature and geopotential height fields (Figures 17c and 17d) Ultimately, it is of interest to determine the extent of the influence of the QBO on global weather. This work was originally undertaken as a part of a continuing investigation of the possibility that the stratospheric QBO modulates tropical deep convection. Results based on comparing NCEP fields, outgoing longwave radiation, and highly reflective cloud data will be reported elsewhere, focusing on modulation of regional and seasonal structures near the tropical tropopause by the QBO.
